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Description 

Field Of The Invention 

[0001] The present Invention relates to a quality con- 5 
trol and diagnostic technique for membranes employed 
in electrochemical cells. The present invention also re- 
lates to a method and apparatus particularly suitable for 
detecting and locating perforations in the membranes of 
membrane electrode assemblies fabricated for incorpo- 10 
ration into solid polymer electrochemical fuel cells. 

Background Of The Invention 

[0002] Electrochemical fuel cells convert fuel and ox- 15 
idant to electricity and reaction product. Solid polymer 
electrochemical fuel cells generally employ a mem- 
brane electrode assembly ("MEA") which comprises an 
ion exchange membrane or solid polymer electrolyte 
disposed between two electrodes, each typically com- 20 
prising a layer of porous, electrically conductive sheet 
material, such as carbon fiber paper orcarbon cloth. The 
MEA contains a catalyst, typically platinum-based and 
disposed in a layer at each membrane/electrode inter- 
face, to induce the desired electrochemical reaction. In 25 
operation the electrodes are electrically coupled to pro- 
vide a circuit for conducting electrons between the elec- 
trodes through an external circuit. Representative MEAs 
for solid polymer electrochemical fuel cells are de- 
scribed and illustrated in U.S. Patent Nos. 5,176,966, 30 
5,252,410 and 5,284,718. 

[0003] At the anode, the fuel stream moves through 
the porous anode material and is oxidized at the anode 
electrocatalyst layer. At the cathode, the oxidant stream 
moves through the porous cathode material and is re- 35 
duced at the cathode electrocatalyst layer. The ion ex- 
change membrane conducts ions from one electrode to 
the other and substantially isolates the fuel stream from 
the oxidant stream. 

[0004] In solid polymer fuel cells employing hydrogen 40 
as the fuel and oxygen-containing air (or substantially 
pure oxygen) as the oxidant, the catalyzed reaction at 
the anode produces hydrogen cations (protons) from 
the fuel supply. The ion exchange membrane facilitates 
the migration of protons from the anode to the cathode. 45 
In addition to conducting protons, the membrane iso- 
lates the hydrogen-containing fuel stream from the ox- 
ygen-containing oxidant stream. At the cathode electro- 
catalyst layer, oxygen reacts with the protons that have 
crossed the membrane to form water as the reaction 50 
product. The anode and cathode reactions in hydrogen/ 
oxygen fuel cells are shown in the following equations: 

Anode reaction: H 2 -> 2H + + 2e" 55 
Cathode reaction: 1/20 2 + 2H + + 2e* -» H 2 0 



[0005] Suitable ion exchange membranes for solid 
polymer fuel cells include perfluorosulfonic ion ex- 
change membranes, such as those sold by DuPont un- 
der its NAFION trade designation, Dow proprietary 
membrane (trade designation XUS 13204.10), and trif- 
luorostyrene-based membranes such as those de- 
scribed in U.S. Patent Nos. 5,422,411 and 5,498,639. 
[0006] In the fabrication of membranes and MEAs for 
solid polymer fuel cells, the detection of perforations in 
the membrane is an important aspect of quality control 
because of the need during fuel cell operation to main- 
tain fluid isolation of the fuel and oxidant streams. A per- 
foration or leak in the membrane of a fuel cell can cause 
the fuel and oxidant streams to fluidly communicate and 
chemically react, thereby degrading the electrochemical 
potential of the fuel cell. Fluid communication of the fuel 
and oxidant streams through a perforation or leak in the 
membrane during fuel cell operation can also result in 
serious degradation of the membrane due to the com- 
bustion of the fuel in the presence of catalyst and oxy- 
gen. The ability to locate perforations in the membrane 
after its fabrication and/or after fabrication of the MEA 
can assist in diagnosis of the cause of the perforations. 
Further, the ability to detect and locate perforations in 
the membrane of an MEA after it has been used in an 
operating fuel cell can assist in analysis of degradation 
and failure mechanisms. 

[0007] Previously used methods of leak detection, 
such as measurement of the leak rate of a fluid through 
the membrane with an applied pressure differential 
across the membrane, or the measurement of gas com- 
position of a gas on one side of the membrane when a 
reference gas is applied to the other side, do not typically 
provide information on the location of perforations. Bub- 
ble detection methods require liquid contact with one 
face of the membrane or MEA, which may damage it, 
and do not precisely locate perforations. 
[0008] The present method and apparatus are used 
to detect perforations in membranes by detecting heat 
generated by the exothermic reaction of a pair of reac- 
tants which are substantially isolated on opposite sides 
of the membrane, and which contact each other and re- ✓ 
act only if there is a perforation present. With the use of 
an appropriate heat detector, such as a thermal imaging 
device, the location of the perforations in the mem- 
branes may also be determined. The present method 
and apparatus is particularly suitable for the detection 
and location of perforations in a membrane which is con- 
solidated in a solid polymer fuel cell MEA. In this case, 
the preferred pair of reactants is hydrogen and oxygen 
(in ambient air), the exothermic reaction of which is cat- 
alyzed by the fuel cell electrocatalyst which is adjacent 
the membrane in the consolidated MEA. 
[0009] The present method and apparatus is also suit- 
able for the detection and location of perforations in ion- 
exchange membranes and separators used in other 
types of electrochemical cells, such as for example elec- 
trolytic cells, and chloroalkali cells, batteries and in elec- 
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trowinning, and also for membranes employed in plate- 
and-frame humidification sections of solid polymer elec- 
trochemical fuel cell stacks. 

Summary Of The Invention 

[0010] In a method for detecting perforations in a 
membrane for an electrochemical cell, the membrane 
having first and second oppositely facing major planar 
surfaces, the method comprises: 

exposing the first surface to a first reactant fluid 
while exposing the second surface to a second re- 
actant fluid, the first and second reactant fluids sub- 
stantially fluidly isolated from each other by the 
membrane when no perforations are present in the 
membrane, the first reactant fluid contacting the 
second reactant fluid when at least one perforation 
is present in the membrane, the first and second 
reactant fluids exothermically reacting upon contact 
to generate heat; 

detecting the exothermically generated, heat. 

[0011] In a preferred method, a pressure differential 
is imparted across the membrane whereby, when at 
least one perforation is present in the membrane, the 
first reactant fluid is forced through the at least one per- 
foration to contact the second reactant fluid. The second 
major planar surface is preferably disposed adjacent a 
layer comprising catalyst which promotes the exother- 
mic reaction of the first and second reactant fluids. The 
membrane and the layer comprising catalyst are prefer- 
ably components of a consolidated membrane elec- 
trode assembly. 

[0012] The first and second reactant fluids are select- 
ed to be fluids to which the membrane is substantially 
impermeable, so that in the absence of a perforation, 
they are substantially isolated from each other by the 
membrane. The first and second reactant fluids are pref- 
erably gases, the first reactant fluid preferably compris- 
ing hydrogen and the second reactant fluid preferably 
comprising oxygen. The second reactant fluid is prefer- 
ably ambient air. The first reactant fluid preferably fur- 
ther comprises an inert gas, most preferably nitrogen. 
Alternative pairs of reactant fluids which may be used 
include, but are not limited to, methanol-oxygen and car- 
bon monoxide-oxygen. 

[0013] In a preferred method, the exothermically gen- 
erated heat is detected using an infrared thermal detec- 
tor. In a method for detecting and locating perforations 
in a membrane for an electrochemical cell the exother- 
mically generated heat is detected by a thermal imaging 
device, preferably an infrared thermal imaging device. 
Alternatively, the exothermically generated heat is de- 
tected and located using a layer of thermally sensitive 
film, including for example thermally sensitive paper, po- 
sitioned in proximity with the membrane. 



[0014] In an apparatus for detecting perforations in a 
membrane for an electrochemical cell, the membrane 
having first and second oppositely facing major planar 
surfaces, the apparatus comprises: 

5 

a fixture having an opening formed therein, the first 
surface of the membrane sealable across the open- 
ing to form an enclosed chamber, the second sur- 
face of the membrane exposed to ambient air; 

10 a source for introducing a first reactant fluid to the 
enclosed chamber, first reactant fluid selected such 
that the first reactant fluids reacts exothermically 
with oxygen, the first reactant fluid substantially iso- 
lated from the ambient air by the membrane when 

15 no perforations are present in the membrane, the 
first reactant fluid contacting the ambient air when 
at least one perforation is present in the membrane, 
the first reactant fluid and the oxygen present in am- 
bient air exothermically reacting upon contact to 

20 generate heat; 

a heat detector for detecting the exothermically 
generated heat. 

[0015] In the preferred apparatus, the source intro- 
25 duces a pressurized first reactant fluid to the enclosed 
chamber whereby, when at least one perforation is 
present in the membrane, the first reactant fluid is forced 
through the at least one perforation to contact the am- 
bient air. The second major planar surface is preferably 
30 disposed adjacent a layer comprising catalyst which 
promotes the exothermic reaction of the first reactant 
fluid with oxygen. The membrane and the layer compris- 
ing catalyst are preferably components of a consolidat- 
ed membrane electrode assembly. 
35 [001 6] The first reactant fluid is preferably a gas, pref- 
erably comprising hydrogen. The first reactant fluid pref- 
erably further comprises an inert gas, most preferably 
nitrogen. 

[0017] In a preferred apparatus, the heat detector 
40 comprises an infrared thermal detector. In a preferred 
apparatus for detecting and locating perforations in a 
membrane for an electrochemical cell the heat detector 
comprises an infrared thermal imaging device. Alterna- 
tively, the heat detector comprises a layer of thermally 
45 sensitive film positioned in proximity with the mem- 
brane. 

[0018] In another apparatus for detecting perforations 
in a membrane for an electrochemical cell, the mem- 
brane having first and second oppositely facing major 
50 planar surfaces, the apparatus comprises: 

a first fixture having a first opening formed therein, 
the first surface of the membrane sealable across 
the first opening to form a first enclosed chamber; 
55 a second fixture having a second opening formed 
therein, the second surface of the membrane seal- 
able across the second opening to form a second 
enclosed chamber; 
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a first source for introducing a first reactant fluid to 
the first enclosed chamber; 
a second source for introducing a second reactant 
fluid to the second enclosed chamber; 
the first reactant fluid selected such that the first re- 
actant fluid reacts exothermically with the second 
reactant fluid, the first reactant fluid substantially 
isolated from the second reactant fluid by the mem- 
brane when no perforations are present in the mem- 
brane, the first reactant fluid contacting the second 
reactant fluid when at least one perforation is 
present in the membrane, the first reactant fluid and 
the second reactant fluid exothermically reacting 
upon contact to generate heat; 
a heat detector for detecting the exothermically 
generated heat. 

[0019] In the preferred apparatus, the first source in- 
troduces a pressurized first reactant fluid to the en- 
closed chamber whereby, when at least one perforation 
is present in the membrane, the first reactant fluid is 
forced through the at least one perforation to contact the 
second reactant fluid. The second major planar surface 
is preferably disposed adjacent a layer comprising cat- 
alyst, the first reactant fluid and the second reactant fluid 
exothermically reacting upon contact in the presence of 
the catalyst to generate heat. The membrane and the 
layer comprising catalyst are preferably components of 
a consolidated membrane electrode assembly. 
[0020] The first and second reactant fluids are prefer- 
ably gases, the first reactant fluid preferably comprising 
hydrogen and the second reactant fluid comprising ox- 
ygen. The first reactant fluid preferably further compris- 
es an inert gas, most preferably nitrogen. 
[0021] In a preferred apparatus, the heat detector 
comprises an infrared thermal detector. In a preferred 
apparatus for detecting and locating perforations in a 
membrane for an electrochemical cell the heat detector 
comprises an infrared thermal imaging device. Alterna- 
tively, the heat detector comprises a layer of thermally 
sensitive film positioned in proximity with the mem- 
brane. 

Brief Description of The Drawings 

[0022] FIG. 1 is a top plan schematic view of an ap- 
paratus for detecting and locating leaks in the mem- 
branes of membrane electrode assemblies for electro- 
chemical fuel cells. 

[0023] FIG. 2 is a side elevation schematic view of the 
membrane leak detection and locating apparatus illus- 
trated in FIG. 1. 

[0024] FIG. 3 is a schematic diagram of an infrared 
thermal imaging device, including an infrared heat de- 
tection camera, electronic signal analyzer and monitor 
for displaying the presence and location of perforations 
in the membranes of membrane electrode assemblies 
for electrochemical fuel cells. 
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[0025] FIG. 4 is a photographic depiction of a monitor 
display, showing the presence and location of perfora- 
tions in a test membrane in a consolidated MEA, ob- 
tained using the detection apparatus of FIGS. 1-3. 

Detailed Description Of The Preferred Embodiments 

[0026] The term "perforations" as used herein in- 
cludes pinholes, ruptures and tears, or localized regions 
of reduced thickness and/or higher permeability relative 
to the bulk membrane, and other such defects in the 
membrane which would cause fluid, typically gas, to 
leak through the thickness of the membrane. 
[0027] Turning first to FIG. 1, a membrane electrode 
assembly 10 includes an electrochemically active por- 
tion 1 2 and an inactive portion 1 4. Portion 1 2 is rendered 
active by the presence of an electrocatalyst, typically in 
the form of finely comminuted platinum in a layer at each 
of the membrane/electrode interfaces located on oppo- 
site faces of the electrolyte membrane. The apparatus 
for detecting and locating leaks in the membrane of MEA 
10 includes a pressurizable gas-containing fixture (most 
of which is hidden below MEA 10 in FIG. 1) with a pres- 
surized gas stream inlet 22 and a pressurized gas 
stream outlet 24. Inlet 22 has a pressure regulator 26 
associated therewith and outlet 24 has a metering valve 
28 associated therewith, for controlling and monitoring 
the gas pressure within the fixture located between inlet 
22 and outlet 24. A pressurized reactant gas source, 
shown in FIG. 1 as a fuel tank 32a and a diluent inert 
gas source, shown in FIG. 1 as a gas tank 32b, each 
tank having a valve 34a, 34b, respectively, and a pres- 
sure regulator 38a, 38b, respectively, are fluidly con- 
nected to inlet 22 by hoses 36, via a gas mixing appa- 
ratus 35 for controlling the concentration of the reactant 
gas. The pressurized fuel source in tank 32a is prefer- 
ably hydrogen and the pressurized diluent gas in tank 
32b is preferably nitrogen. 

[0028] FIG. 2 shows the membrane leak detection 
and locating apparatus with the pressurized gas-con- 
taining fixture 20 and MEA 10 mounted thereon. Seals 
21 provide a fluid-tight seal between MEA 10 and the 
adjacent walls of fixture 20 so that pressurized fuel gas 
is retained within the volume or chamber formed by the 
cooperating interior surfaces of fixture 20 and MEA 10. 
FIG. 2 also shows inlet 22 and outlet 24 having a pres- 
sure regulator 26 and metering valve 28 associated 
therewith respectively. FIG. 2 also shows reactant gas 
tank 32a and diluent gas tank 32b with valves 34a, 34b 
respectively, and hose 36 fluidly connecting the tanks to 
inlet 22 via gas mixing apparatus 35. The construction 
of the fixture and the sealing mechanism employed to 
seal the MEA against the fixture to form an enclosed 
chamber is a matter of design choice. 
[0029] FIG. 2 also shows the relative position of infra- 
red camera 40 having a lens 42 focused on the exterior 
surface of MEA 10, as depicted schematically by the 
broken lines in FIG. 2. 
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[0030] FIG. 3 schematically illustrates the tripod 
mounted infrared detection camera 40, with lens 42, 
electrically connected by a cable 43 to electronic signal 
analyzer 44, which is in turn electrically connected by a 
cable 45 to a monitor 46 for digitizing and displaying the 
presence and location of perforations in the membrane 
of an MEA mounted on the fixture illustrated in FIGS. 1 
and 2 and described above. In the schematic depiction 
of FIG. 3, the presence of a perforation in the membrane 
is indicated by a light area 48 on the contrasting dark 
background. 

[0031] In operation, a pressurized hydrogen-rich gas 
is applied within fixture 20 to the interior side of a bonded 
MEA 10 (see FIG. 2). The signal generated by infrared 
camera 40 focused on the exterior facing electrode of 
MEA 10, which is exposed to ambient oxygen-contain- 
ing air, when processed by electronic analyzer 44 and 
displayed on monitor 46 (see FIG. 3) will indicate wheth- 
er and where hot spots occur from the exothermic reac- 
tion of air with hydrogen passing through a perforation 
in the membrane, the reaction being catalyzed by cata- 
lyst in the electrocatalyst layer on the upper face of the 
membrane. 

[0032] FIG. 4 is a photographic depiction of the mon- 
itor display illustrating the presence and location of per- 
forations, A and B, in a membrane of a test MEA known 
to have leaks, using the detection apparatus of FIGS. 
1-3. The test which generated the display depicted in 
FIG. 4 was performed using substantially pure hydrogen 
gas as the reactant fluid, thus resulting in relatively large 
hot spots on the exposed electrode surface, as shown 
by the white areas, A and B, in FIG. 4. 
[0033] Diluting the pure hydrogen gas with an inert 
gas such as nitrogen would be expected to improve the 
accuracy in locating leaks in the membranes and in de- 
termining the shape and nature of perforations. Other 
combustible fuels besides hydrogen would also be suit- 
able for use in the present method and apparatus for 
detecting and locating perforations in membranes. 
[0034] The magnitude of the pressure differential ap- 
plied across the membrane in the present method for 
detecting perforations can be controlled and selected so 
that the integrity of the membrane can be tested at spe- 
cific pressure differentials. For example, it may be ad- 
vantageous to test the membrane for leaks at a pressure 
differential which is greater than that it which is likely to 
experience in operation, for example in a fuel cell stack. 
Further, applying a higher pressure differential across 
the membrane will force more gas through any perfora- 
tions which are present and will increase the sensitivity 
of the method for detecting smaller perforations. 
[0035] A variety of heat detectors and thermal imag- 
ing devices are suitable for use in the present method 
and apparatus, including infrared cameras with a single 
infrared sensor in which a system of mirrors is used to 
scan the image on to the sensor, and infrared cameras 
with a focal plane array which eliminates some moving 
parts by incorporating many individual sensors on to a 



single sensor. Examples of suitable commercially avail- 
able infrared imaging equipment include the TVS-100 
Series Thermal Video System from Cincinnati Electron- 
ics Corp., Mason, Ohio, Thermovision 550® from Age- 

5 ma Infrared Systems, Burlington, Ontario and Prism DS 
from FLIR Systems, Inc., Portland, Oregon. 
[0036] The preferred infrared thermal imaging devic- 
es used in the present method and apparatus are capa- 
ble of differentiating 0.2°C variations in temperature 

10 across the surface of an MEA, thereby allowing the pre- 
cise location of the leak to within approximately 5 mm. 
[0037] Other heat detection techniques besides infra- 
red heat detection could be employed as well such as, 
for example, heat sensitive film or paper. However, such 

15 other techniques have been found not to provide the 
precision of infrared heat detection. 
[0038] The detection and location of perforations in 
unbonded membranes (not in MEAs) can also be ac- 
complished by the present method and apparatus. In 

20 one embodiment, the unbonded membrane is placed 
between the reactant gas-containing fixture and a cata- 
lyzed sheet of porous media, such as carbon fiber paper 
having a layer of appropriate catalyst applied on a major 
surface thereof. Leaks in the unbonded membrane can 

25 then be detected and located as described above for 
bonded MEAs. 

[0039] The present method and apparatus for detect- 
ing and optionally locating perforations in a membrane 
may be used for membranes and MEAs which have 

30 manifold or other openings (for example to accommo- 
date fasteners) formed therein. The fixture can be de- 
signed to seal around such openings so that the remain- 
der of the membrane can be tested. Further the present 
method and apparatus may be employed as part of an 

35 automated membrane and/or MEA manufacturing proc- 
ess, including reel-to-reel type processes, and could be 
used in conjunction with an intelligent system which 
would process thermal image data and perform auto- 
matic quality control. 

40 [0040] While particular elements, embodiments, and 
applications of the present invention have been shown 
and described, it will be understood, of course, that the 
invention is not limited thereto since modifications may 
be made by those skilled in the art, particularly in light 

45 of the foregoing teachings. It is therefore contemplated 
by the appended claims to cover such modifications as 
incorporate those features which come within the scope 
of the invention. 



1. A method for detecting perforations in a membrane 
for an electrochemical cell, said membrane having 
55 first and second oppositely facing major planar sur- 
faces, the method comprising: 

exposing said first surface to a first reactant flu- 
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id while exposing said second surface to a sec- 
ond reactant fluid, said first and second reac- 
tant fluids substantially fluidly isolated from 
each other by said membrane when no perfo- 
rations are present in said membrane, said first 
reactant fluid contacting said second reactant 
fluid when at least one perforation is present in 
said membrane, said first and second reactant 
fluids exothermically reacting upon contact to 
generate heat; 

detecting said exothermically generated heat. 

2. The method of claim 1 further comprising imparting 
a pressure differential across said membrane 
whereby, when at least one perforation is present 
in said membrane, said first reactant fluid is forced 
through said at least one perforation to contact said 
second reactant fluid. 

3. The method of claim 1 wherein said second major 
planar surface is disposed adjacent a layer com- 
prising catalyst which promotes said exothermic re- 
action. 

4. The method of claim 3 wherein said membrane and 
said layer comprising catalyst are components of a 
consolidated membrane electrode assembly. 

5. The method of claim 4 wherein said first and second 
reactant fluids are gases. 

6. The method of claim 5 wherein said first reactant 
fluid comprises hydrogen and said second reactant 
fluid comprises oxygen. 

7. The method of claim 6 wherein said second reac- 
tant fluid is ambient air. 

8. The method of claim 7 wherein said first reactant 
fluid further comprises an inert gas. 

9. The method of claim 8 wherein said inert gas is ni- 
trogen. 

10. The method of claim 1 wherein said exothermically 
generated heat is detected using an infrared ther- 
mal detector. 

11. The method of claim 1 wherein said exothermically 
generated heat is detected using an infrared ther- 
mal imaging device. 

12. The method of claim 1 wherein said exothermically 
generated heat is detected using a layer of thermal- 
ly sensitive film positioned in proximity with said 
membrane. 

13. An apparatus for detecting perforations in a mem- 



brane for an electrochemical cell, said membrane 
having first and second oppositely facing major pla- 
nar surfaces, said apparatus comprising: 

5 a fixture having an opening formed therein, said 

first surface of said membrane sealable across 
said opening to form an enclosed chamber, 
said second surface of said membrane ex- 
posed to ambient air; 
10 a source for introducing a first reactant fluid to 

said enclosed chamber, said first reactant fluid 
selected such that said first reactant fluid reacts 
exothermically with oxygen present in ambient 
air, said first reactant fluid substantially isolated 
15 from said ambient air by said membrane when 

no perforations are present in said membrane, 
said first reactant fluid contacting said ambient 
air when at least one perforation is present in 
said membrane, said first reactant fluid and 
20 said oxygen present in ambient air exothermi- 

cally reacting upon contact to generate heat; 
a heat detector for detecting said exothermical- 
ly generated heat. 

25 14. The apparatus of claim 13 wherein said source in- 
troduces a pressurized first reactant fluid to said en- 
closed chamber whereby, when at least one perfo- 
ration is present in said membrane, said first reac- 
tant fluid is ( forced through said at least one perfo- 

30 ration to contact said ambient air. 

1 5. The apparatus of claim 1 3 wherein said second ma- 
jor planar surface is disposed adjacent a layer com- 
prising catalyst which promotes said exothermic re- 

35 action. 

16. The apparatus of claim 1 5 wherein said membrane 
and said layer comprising catalyst are components 
of a consolidated membrane electrode assembly. 

40 

17. The apparatus of claim 16 wherein said first reac- 
tant fluid is a gas. 

18. The apparatus of claim 17 wherein said first reac- 
ts tant fluid comprises hydrogen. 

19. The apparatus of claim 1 8 wherein said . first reac- 
tant fluid further comprises an inert gas. 

50 20. The apparatus of claim 1 9 wherein said inert gas is 
nitrogen. 

21 . The apparatus of claim 1 3 wherein said heat detec- 
tor comprises an infrared thermal detector. 

55 

22. The apparatus of claim 1 3 wherein said heat detec- 
tor comprises an infrared thermal imaging device. 
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30. The apparatus of claim 29 wherein said first reac- 
tant fluid further comprises an inert gas. 

31 . The apparatus of claim 30 wherein said inert gas is 
5 nitrogen. 

32. The apparatus of claim 24 wherein said heat detec- 
tor comprises an infrared thermal detector. 

10 33. The apparatus of claim 24 wherein said heat detec- 
tor comprises an infrared thermal imaging device. 

34. The apparatus of claim 24 wherein said heat detec- 
tor comprises a layer of thermally sensitive film po- 
ts sitioned in proximity with said membrane. 



23. The apparatus of claim 1 3 wherein said heat detec- 
tor comprises a layer of thermally sensitive film po- 
sitioned in proximity with said membrane. 

24. An apparatus for detecting perforations in a mem- 
brane for an electrochemical cell, said membrane 
having first and second oppositely facing major pla- 
nar surfaces, said apparatus comprising: 

a first fixture having a first opening formed 
therein, said first surface of said membrane 
sealable across said first opening to form a first 
enclosed chamber; 

a second fixture having a second opening 
formed therein, said second surface of said 
membrane sealable across said second open- 
ing to form a second enclosed chamber; 
a first source for introducing a first reactant fluid 
to said first enclosed chamber; 
a second source for introducing a second reac- 
tant fluid to said second enclosed chamber; 
said first reactant fluid selected such that said 
first reactant fluid reacts exothermically with 
said second reactant fluid, said first reactant 
fluid substantially isolated from said second re- 
actant fluid by said membrane when no perfo- 
rations are present in said membrane, said first 
reactant fluid contacting said second reactant 
fluid when at least one perforation is present in 
said membrane, said first reactant fluid and 
said second reactant fluid exothermically react- 
ing upon contact to generate heat; 
a heat detector for detecting said exothermical- 
ly generated heat. 

25. The apparatus of claim 24 wherein said first source 
introduces a pressurized first reactant fluid to said 
enclosed chamber whereby, when at least one per- 
foration is present in said membrane, said first re- 
actant fluid is forced through said at least one per- 
foration to contact said second reactant fluid. 

26. The apparatus of claim 24 wherein said second ma- 
jor planar surface is disposed adjacent a layer com- 
prising catalyst which promotes said exothermic re- 
action. 

27. The apparatus of claim 26 wherein said membrane 
and said layer comprising catalyst are components 
of a consolidated membrane electrode assembly. 

28. The apparatus of claim 27 wherein said first and 
second reactant fluids are gases. 

29. The apparatus of claim 28 wherein said first reac- 
tant fluid comprises hydrogen and said second re- 
actant fluid comprises oxygen. 



Patentanspruche 

20 1. Verfahren zum Detektieren von Perforationen in ei- 
ner Membran fur eine elektrochemische Zelle, wo- 
bei die Membran eine erste und eine gegenuberlie- 
gende zweite planare Hauptoberflache aufweist, 
wobei das Verfahren umfasst: 

25 

Einwirken mit einem ersten Reaktandenfluid 
auf die erste Oberflache, wahrend mit einem 
zweiten Reaktandenfluid auf die zweite Ober- 
flache eingewirkt wird, wobei das erste und das 

30 zweite Reaktandenfluid durch die Membran im 

Wesentlichen voneinander fluidgetrennt sind, 
wenn in der Membran keine Perforationen vor- 
handen sind, wahrend das erste Reaktanden- 
fluid mit dem zweiten Reaktandenfluid in Kon- 

35 takt ist, wenn wenigstens eine Perforation in 

der Membran vorhanden ist, wobei das erste 
und das zweite Reaktandenfluid bei Kontakt 
exotherm reagieren, urn Warme zu erzeugen; 

40 Detektieren der exotherm erzeugten Warme. 

2. Verfahren nach Anspruch 1 , das des Weiteren das 
Ausuben einer Druckdifferenz uber die Membran 
hinweg umfasst, wodurch, wenn wenigstens eine 
45 Perforation in der Membran vorhanden ist, das er- 
ste Reaktandenfluid durch die wenigstens eine Per- 
foration gedruckt wird, urn das zweite Reaktanden- 
fluid zu kontaktieren. 

50 3. Verfahren nach Anspruch 1, wobei die zweite pla- 
nare Hauptoberflache angrenzend an eine Schicht 
angeordnet ist, die einen Katalysator beinhaltet, der 
die exotherme Reaktion fordert. 

55 4. Verfahren nach Anspruch 3, wobei die Membran 
und die den Katalysator beinhaltende Schicht Kom- 
ponenten eines Membran-Elektroden-Gesamtauf- 
baus sind. 
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5. Verfahren nach Anspruch 4, wobei das erste und 
das zweite Reaktandenfluid Gase sind. 

6. Verfahren nach Anspruch 5, wobei das erste Reak- 
tandenfluid Wasserstoff beinhaltet und das zweite 
Reaktandenfluid Sauerstoff beinhaltet. 

7. Verfahren nach Anspruch 6, wobei das zweite Re- 
aktandenfluid Umgebungsluft ist. 

8. Verfahren nach Anspruch 7, wobei das erste Reak- 
tandenfluid des Weiteren ein inertes Gas beinhaltet 

9. Verfahren nach Anspruch 8, wobei das inerte Gas 
Stickstoff ist 

10. Verfahren nach Anspruch 1, wobei die exotherm er- 
zeugte Warme unter Verwendung eines thermi- 
schen Infrarotdetektors detektiert wird. 

11. Verfahren nach Anspruch 1, wobei die exotherm er- 
zeugte Warme unter Verwendung einer thermi- 
schen Infrarot-Abbildungsvorrichtung detektiert 
wird. 

12. Verfahren nach Anspruch 1 , wobei die exotherm er- 
zeugte Warme unter Verwendung einer Schicht aus 
einem thermisch sensitiven Film detektiert wird, der 
in der Nachbarschaft zu der Membran positioniert 
ist. 

13. Vorrichtung zum Detektieren von Perforationen in 
einer Membran fur eine elektrochemische Zelle, 
wobei die Membran eine erste und eine gegenuber- 
liegende zweite planare Hauptoberflache aufweist, 
wobei die Vorrichtung beinhaltet: 

eine Befestigungsvorrichtung mit einer darin 
ausgebildeten Offnung, wobei die erste Ober- 
flache der Membran uber die Offnung hinweg 
abdichtbar ist, urn eine geschlossene Kammer 
zu bilden, wobei die zweite Oberflache der 
Membran der Umgebungsluft ausgesetzt ist; 

eine Quelle zum Einleiten eines ersten Reak- 
tandenfluides in die geschlossene Kammer, 
wobei das erste Reaktandenfluid derart ge- 
wahlt ist, dass das erste Reaktandenfluid exo- 
therm mit Sauerstoff reagiert, der in der Umge- 
bungsluft vorhanden ist, wobei das erste Reak- 
tandenfluid durch die Membran im Wesentli- 
chen von der Umgebungsluft isoliert ist, wenn 
in der Membran keine Perforationen vorhanden 
sind, wahrend das erste Reaktandenfluid mit 
der Umgebungsluft in Kontakt ist, wenn wenig- 
stens eine Perforation in der Membran vorhan- 
den ist, wobei das erste Reaktandenfluid und 
der in der Umgebungsluft vorhandene Sauer- 



stoff bei Kontakt exotherm reagieren, urn War- 
me zu erzeugen; 

einen Warmedetektor zum Detektieren der 
5 exotherm erzeugten Warme. 

14. Vorrichtung nach Anspruch 13, wobei die Quelle ein 
unter Druck gesetztes erstes Reaktandenfluid in die 
geschlossene Kammer einleitet, wodurch, wenn 
'10 wenigstens eine Perforation in der Membran vor- 
handen ist, das erste Reaktandenfluid durch die 
wenigstens eine Perforation gedruckt wird, urn mit 
der Umgebungsluft in Kontakt zu kommen. 

15 15. Vorrichtung nach Anspruch 13, wobei die zweite 
planare Hauptoberflache angrenzend an eine 
Schicht angeordnet ist, die einen Katalysator be- 
inhaltet, der die exotherme Reaktion fordert. 

20 1 6. Vorrichtung nach Anspruch 1 5, wobei die Membran 
und die den Katalysator beinhaltende Schicht Kom- 
ponenten eines Membran-Elektroden-Gesamtauf- 
baus sind. 

25 17. Vorrichtung nach Anspruch 1 6, wobei das erste Re- 
aktandenfluid ein Gas ist. 

18. Vorrichtung nach Anspruch 1 7, wobei das erste Re- 
aktandenfluid Wasserstoff beinhaltet. 

30 

19. Vorrichtung nach Anspruch 1 8, wobei das erste Re- 
aktandenfluid des Weiteren ein inertes Gas beinhal- 
tet. 

35 20. Vorrichtung nach Anspruch 19, wobei das inerte 
Gas Stickstoff ist 

21. Vorrichtung nach Anspruch 13, wobei der Warme- 
detektor einen thermischen Infrarotdetektor be- 

40 inhaltet. 

22. Vorrichtung nach Anspruch 13, wobei der Warme- 
detektor eine thermische Infrarot-Abbildungsvor- 
richtung beinhaltet. 

45 

23. Vorrichtung nach Anspruch 13, wobei der Warme- 
detektor eine Schicht aus einem thermisch sensiti- 
ven Film beinhaltet, die in der Nachbarschaft zu der 
Membran positioniert ist. 

50 

24. Vorrichtung zum Detektieren von Perforationen in 
einer Membran fur eine elektrochemische Zelle, 
wobei die Membran eine erste und eine gegenuber- 
liegende zweite planare Hauptoberflache aufweist, 

55 wobei die Vorrichtung beinhaltet: 

eine erste Befestigungsvorrichtung mit einer 
ersten, darin ausgebildeten Offnung, wobei die 
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erste Oberflache der Membran uber die erste 
Offnung hinweg abdichtbar ist, um eine erste 
geschlossene Kammer zu bilden; 

eine zweite Befestigungsvorrichtung mit einer 
zweiten darin ausgebildeten Offnung, wobei 
die zweite Oberflache der Membran uber die 
zweite Offnung hinweg abdichtbar ist, um eine 
zweite geschlossene Kammer zu bilden; 

eine erste Quelle zum Einleiten eines ersten 
Reaktandenfluides in die erste geschlossene 
Kammer; 

eine zweite Quelle zum Einleiten eines zweiten 
Reaktandenfluides in die zweite geschlossene 
Kammer; 

wobei das erste Reaktandenfluid derart ge- 
wahlt ist, dass das erste Reaktandenfluid exo- 
therm mit dem zweiten Reaktandenfluid rea- 
giert, wobei das erste Reaktandenfluid durch 
die Membran im Wesentlichen von dem zwei- 
ten Reaktandenfluid isoliert ist, wenn keine 
Perforationen in der Membran vorhanden sind, 
wahrend das erste Reaktandenfluid mit dem 
zweiten Reaktandenfluid in Kontakt ist, wenn 
wenigstens eine Perforation in der Membran 
vorhanden ist, wobei das erste Reaktanden- 
fluid und das zweite Reaktandenfluid bei Kon- 
takt exotherm reagieren, um Warme zu erzeu- 
gen; 

einen Warmedetektor zum Detektieren der 
exotherm erzeugten Warme. 

25. Vorrichtung nach Anspruch 24, wobei die erste 
Quelle ein unter Druck gesetztes erstes Reaktan- 
denfluid in die geschlossene Kammer einleitet, wo- 
durch, wenn wenigstens eine Perforation in der 
Membran vorhanden ist, das erste Reaktandenfluid 
durch die wenigstens eine Perforation gedruckt 
wird, um mit dem zweiten Reaktandenfluid in Kon- 
takt zu kommen. 

26. Vorrichtung nach Anspruch 24, wobei die zweite 
planare Hauptoberflache angrenzend an eine 
Schicht angeordnet ist, die einen Katalysator be- 
inhaltet, der die exotherme Reaktion fordert. 

27. Vorrichtung nach Anspruch 26, wobei die Membran 
und die den Katalysator beinhaltende Schicht Kom- 
ponenten eines Membran-Elektroden-Gesamtauf- 
baus sind. 

28. Vorrichtung nach Anspruch 27, wobei das erste und 
das zweite Reaktandenfluid Gase sind. 



29. Vorrichtung nach Anspruch 28, wobei das erste Re- 
aktandenfluid Wasserstoff beinhaltet und das zwei- 
te Reaktandenfluid Sauerstoff beinhaltet. 

5 30. Vorrichtung nach Anspruch 29, wobei das erste Re- 
aktandenfluid des Weiteren ein inertes Gas beinhal- 
tet. 

31. Vorrichtung nach Anspruch 30, wobei das inerte 
10 Gas Stickstoff ist. 

32. Vorrichtung nach Anspruch 24, wobei der Warme- 
detektor einen thermischen Infrarotdetektor be- 
inhaltet. 

15 

33. Vorrichtung nach Anspruch 24, wobei der Warme- 
detektor eine thermische Infrarot-Abbildungsvor- 
richtung beinhaltet. 

20 34. Vorrichtung nach Anspruch 24, wobei der Warme- 
detektor eine Schicht aus einem thermisch sensiti- 
ven Film beinhaltet, der in der Nachbarschaft zu der 
Membran positioniert ist. 

25 

Revendications 

1. Une methode de detection de perforations dans 
une membrane de cellule electrochimique, cette 
30 membrane possedant une premiere et une deuxie- 
me surface principale planes et opposees, la me- 
thode consistant a : 



exposer la dite premiere surface a un premier 
35 fluide reactant et simultanement exposer la dite 

deuxieme surface a un second fluide reactant, 
ces premier et second fluides reactants sont 
isoles Tun de I'autre par ia membrane si la 
membrane ne comporte aucune perforation, le 
40 premier fluide reactant entre en contact du se- 

cond fluide reactant quand la membrane com- 
porte au moins une perforation, ces deux flui- 
des reactants, le premier et le second, provo- 
quent par contact une reaction exothermique 
45 done un degagement de chaleur; 

detecter ce degagement de chaleur produit. 

2. Une methode conforme a la revendication 1 ou en 
supplement on imprime de I'autre cote de la mem- 
so brane une pression differentielle, et lorsque la mem- 
brane comporte au moins une perforation le dit pre- 
mier fluide reactant est force au travers de cette dite 
perforation afin de rencontrer le dit second fluide 
reactant. 



55 



Une methode conforme a la revendication 1 ou la 
dite deuxieme surface principale plane est dispo- 
see adjacente a une couche de catalyseur destinee 
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a provoquer la dite reaction exothermique. 

4. Une methode conforme a la revendication 3 ou la 
dite membrane et la dite couche de catalyseur sont 
des composants d'un assemblage a membrane et 
electrode. 

5. Une methode conforme a la revendication 4 ou les 
premier et second fluides reactants nommes sont 
des gaz. 

6. Une methode conforme a la revendication 5 ou le 
premier fluide reactant comprend de I'hydrogene et 
le second fluide reactant de I'oxygene. 

7. Une methode conforme a la revendication 6 ou le 
second fluide reactant est I'air ambiant. 

8. Une methode conforme a la revendication 7 ou le 
premier fluide reactant comprend egalement un gaz 
inerte. 

9. Une methode conforme a la revendication 8 ou le 
gaz inerte est de I'azote. 

10. Une methode conforme a la revendication 1 ou la 
reaction exothermique generee est detectee a 
I'aide d'un detecteur a infrarouge. 

11. Une methode conforme a la revendication 1 ou la 
reaction exothermique generee est detectee a 
I'aide d'un detecteur infrarouge a formation d'ima- 

ge. 

12. Une methode conforme a la revendication 1 ou la 
reaction exothermique generee est detectee a 
I'aide d'un film a infrarouge situe a proximite de la 
dite membrane. 

13. Un appareillage de detection de perforations dans 
une membrane de cellule electrochimique, la dite 
membrane comportant une premiere et une deuxie- 
me surface principale planes et opposees, I'assem- 
blage ainsi forme comprenant : 

un dispositif fixe comportant une ouverture in- 
terne, et ou la premiere surface de la dite mem- 
brane ferme de facon etanche cette ouverture 
pour former une chambre close, la dite deuxie- 
me surface de la membrane etant exposee a 
I'air ambiant; 

une source permettant ('introduction d'un pre- 
mier fluide reactant dans la dite chambre close, 
ce dernier devant etre choisi pour ses capacites 
de reaction exothermique avec I'oxygene pre- 
sent dans I'air ambiant, le dit premier fluide 
reactant etant essentiellement isole de I'air am- 
biant par la dite membrane quand celle-ci ne 



comporteaucune perforation, le dit premier flui- 
de reactant entrant au contact de I'oxygene de 
I'air ambiant uniquement si la dite membrane 
comporte au moins une perforation, ce premier 
5 fluide reactant genere au contact du second 

fluide reactant une reaction exothermique; 
un detecteur infrarouge destine a detecter la di- 
te reaction exothermique generee. 

10 14. Un appareillage conforme a la revendication 13 ou 
la dite source d'introduction permet d'injecter le pre- 
mier fluide reactant sous pression dans la dite 
chambre close, et ou, si la dite membrane comporte 
au moins une perforation, le dit premier fluide reac- 

15 tant est force a entrer en contact avec I'air ambiant 
au travers de la dite perforation. 

15. Un appareillage conforme a la revendication 13 ou 
la deuxieme surface plane principale est disposee 

20 adjacente a une couche comprenant un catalyseur 
destine a provoquer la dite reaction exothermique. 

16. Un appareillage conforme a la revendication 15 ou 
la membrane et la dite couche comprenant un ca- 

25 talyseur sont des composants d'un assemblage a 
membrane et electrode. 

17. Un appareillage conforme a la revendication 16 ou 
le premier fluide reactant est un gaz. 

30 

18. Un appareillage conforme a la revendication 17 ou 
le premier fluide reactant comprend de I'hydrogene. 

19. Un appareillage conforme a la revendication 18 ou 
35 le premier fluide reactant comprend un gaz inerte. 

20. Un appareillage conforme a la revendication 19 ou 
le gaz inerte est de I'azote. 

<o 21. Un appareillage conforme a la revendication 13 ou 
le dit detecteur a infrarouge comprend un detecteur 
d'image infrarouge. 

22. Un appareillage conforme a la revendication 13 ou 
45 le dit detecteur a infrarouge comprend un appareil 

imageur infrarouge. 

23. Un appareillage conforme a la revendication 13 ou 
le dit detecteur a infrarouge comprend un film a in- 

50 frarouge, situe a proximite de la dite membrane. 

24. Un appareillage de detection des perforations dans 
une membrane de cellule electrochimique, la dite 
membrane comportant une premiere et une deuxie- 

55 me surface principale planes et opposees, I'assem- 
blage ainsi forme comprenant : 

un premier dispositif fixe comportant une pre- 
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25. 



miere ouverture interne, la premiere surface de 
la dite membrane fermant de facon etanche la 
premiere ouverture afin de former une premiere 
chambre close; 

un deuxieme dispositif fixe comportant une 
deuxieme ouverture interne, la deuxieme sur- 
face de la dite membrane fermant de facon 
etanche la dite deuxieme ouverture afin de for- 
mer une seconde chambre close; 
une premiere source d'introduction destinee a 
introduire un premier fluide reactant dans la di- 
te premiere chambre close; 
une deuxieme source d'introduction destinee a 
introduire un second fluide reactant dans la dite 
seconde chambre close; 
un premier fluide reactant choisi de maniere a 
pouvoir provoquer une reaction exothermique 
avec le second fluide, le dit premier fluide reac- 
tant est isole du second fluide reactant par Pin- 
termediaire de la dite membrane quand celle- 
ci ne comporte aucune perforation, le dit pre- 
mier fluide reactant entre en contact avec le se- 
cond fluide reactant uniquement si la dite mem- 
brane comporte au moins une perforation, le dit 
premier fluide reactant genere au contact du 
second fluide reactant une reaction exothermi- 
que; 

un detecteur infrarouge destine a detecter la di- 
te reaction exothermique generee. 

Un appareillage conforme a la revendication 24 ou 
la premiere source d'introduction introduit un pre- 
mier fluide reactant sous pression dans la dite 
chambre close et ou, si la dite membrane comporte 
au moins une perforation, le dit premier fluide reac- 
tant est force d'entrer en contact avec le second flui- 
de reactant au travers de la dite perforation. 



inerte. 

31. Une methode conforme a la revendication 30 ou le 
gaz inerte est de I'azote. 

5 

32. Un appareillage conforme a la revendication 24 ou 
le dit detecteur infrarouge comprend un detecteur 
d'image infrarouge. 

10 33. Un appareillage conforme a la revendication 24 ou 
le dit detecteur infrarouge comprend un appareil 
imageur infrarouge. 
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34. Un appareillage conforme a la revendication 24 ou 
le dit detecteur infrarouge comprend un film a infra- 
rouge situe a proximite de la dite membrane. 



26. Un appareillage conforme a la revendication 24 ou 
la deuxieme surface plane principale est disposee *o 
adjacente a une couche comprenant un catalyseur 
destine a provoquer la dite reaction exothermique. 



27. Un appareillage conforme a la revendication 26 ou 
la membrane et la dite couche comprenant un ca- 45 
talyseur sont des composants d'un assemblage a 
membrane et electrode. 



28. Une methode conforme a la revendication 27 ou les 
premier et second fluides reactants nommes sont 50 
des gaz. 



29. Une methode conforme a la revendication 28 ou le 
premier fluide reactant comprend de I'hydrogene et 
le second fluide reactant de I'oxygene. 55 



30. Une methode conforme a la revendication 29 ou le 
premierfluide reactant comprend egalement un gaz 
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FIG. 3 
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